Introduction {#S0001}
============

Ovarian cancer (OC) is the gynecologic malignant tumor with high mortality. Due to non-specific symptoms in the early stage of the disease and the lack of effective screening techniques, a large number of patients are diagnosed at advanced stages causing a poor prognosis, with a 5-year survival rate of only 29%.^[1](#CIT0001)^ At present, the main method for the treatment of epithelial ovarian cancer is still surgery and platinum-based chemotherapy. Despite continuous efforts to improve the disease diagnosis and treatment, there has been no significant improvement of OC patients' poor prognosis due to intraperitoneal and extensive pelvic implantation metastasis.^[2](#CIT0002)^ Therefore, it is essential to elucidate the specific target and reveal the potential mechanism of OC metastasis, which is also vital for developing novel drugs and improving the survival rate for OC patients.

It has been widely recognized that the occurrence and development of ovarian cancer is a result of genetic alterations.^[3](#CIT0003),[4](#CIT0004)^ However, recent studies pointed out that tumor microenvironment (TEM) also plays an important role in the progression of ovarian cancer.^[5](#CIT0005)^ Actually, tumor-associated macrophages (TAMs) are an essential component of TEM.^[6](#CIT0006)^ The precursor cells of macrophages are the mononuclear cells in systemic circulation which ooze out of blood vessels and reach various tissues of the body, ultimately differentiating into macrophages under the influence of local microenvironment. Under the stimulation of different factors, the tissue macrophages will be polarized into different phenotypes, forming a type of heterogeneous immune cells that exert immunostimulatory or immunosuppressive effects. TAMs refers to the mononuclear cells in systemic circulation that exude from the blood vessels and gradually form immature macrophages after capturing signal substances released by tumor cells, then enter the tumor tissue, and are further polarized into different phenotypes.^[7](#CIT0007)^ Macrophages can be broadly divided into two categories: (a) classical activated macrophages, i.e., M1 macrophages, which have the function of killing tumor cells and pathogenic microorganisms; and (b) alternatively activated macrophages, i.e., M2 macrophages, which promote tissue repair and blood vessel formation. The main difference between these two types of macrophages is the substances they secrete. M1 macrophages secrete reactive oxygen species, nitrogen intermediates, and various inflammatory factors, while M2 macrophages secrete a large number of growth factors (e.g., epidermal growth factor (EGF), fibroblast growth factor, and vascular endothelial growth factor).^[8](#CIT0008)^ M2 macrophages are generally the major phenotype of TAMs. In the microenvironment of multiple malignant tumors, TAMs play an immunosuppressive role and promote the infiltration, proliferation, angiogenesis, and metastasis of tumor cells, thereby closely associated with the prognosis of tumor patients.^[6](#CIT0006),[7](#CIT0007)^ There are the phenomena of TAMs aggregation in ovarian cancer microenvironment and its number associated with the poor prognosis of ovarian cancer.^[9](#CIT0009),[10](#CIT0010)^ However, the role of TAMs in the OC metastasis is not yet clear.

Long non-coding RNAs (lncRNAs) are the non-protein-coding RNAs, whose transcripts are longer than 200 nucleotides in length.^[11](#CIT0011)^ The mutations or expression abnormalities of lncRNAs are closely associated with several types of malignant tumors,^[12](#CIT0012),[13](#CIT0013)^ in which they might significantly regulate tumor metastasis and influence overall patient survival. Gao et al.^[14](#CIT0014)^ found that lncRNA HOST2 was highly expressed in OC, and overexpression of HOST2 in OC contributed to OC metastasis. In addition, lncRNA HOTAIR was also reported to be highly expressed in the OC tissue.^[15](#CIT0015)^ Similarly, high expression level of HOTAIR is closely associated with the occurrence and development, invasion, metastasis, and prognosis of OC. Recently, a hitherto uncharacterized EGF-downregulated lncRNA, LIMT (lncRNA inhibiting metastasis), was identified as a regulator of mammary cell migration and invasion.^[16](#CIT0016)^ It has been shown that depletion of LIMT enhances tumor metastasis formation *in vivo*. However, the expression and underlying mechanism of LIMT in OC remains elusive. As an important part of the tumor microenvironment, it has been reported that M2-like TAMs could release a large number of EGF, thereby promoting the infiltration, proliferation, angiogenesis, and metastasis of tumor cells.^[8](#CIT0008)^ Therefore, we hypothesized that EGF secreted by M2-like TAMs may activate the EGFR-ERK pathway in ovarian cancer cells, which inhibited the expression of LIMT and eventually promoted the metastasis of ovarian cancer. In this study, the effects of M2-like TAMs on EGF/EGFR signaling pathway was observed. What's more, the expression of LIMT in OC and the relationship of LIMT and EGF/EGFR signaling were defined, which help to better understand OC progression and provide novel therapeutic targets for OC treatment.

Materials and methods {#S0002}
=====================

Cell culture {#S0002-S2001}
------------

The human monocyte cell line THP-1 (ATCC, USA) was maintained in RPMI 1640 medium supplemented with 10% fetal calf serum (FCS) and 2 mM L-glutamine. THP-1 cells (2 × 10^5^/ml) were differentiated to M2-like TAMs using 320 nM phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich) for 24 h.^[17](#CIT0017)^ The human normal ovarian epithelial cells IOSE80 and human ovarian cancer (OC) cell lines OV90 and OVCA429 (ATCC, USA) were cultured in Dulbecco's modified Eagle's medium (Sigma‐Aldrich, USA) supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin, 100 μg/mL streptomycin, and 2 mM glutamine. All the cells were incubated at 37°C and 5% CO~2~. The morphology of the differentiated cells was observed and photographed using an Olympus microscope (DSX110, Japan). The differentiated THP1 cells (M2-like TAMs) and OV90 or OVCA429 cells were co-cultured in CO~2~ independent medium supplemented with 0.5 mM L-glutamine and 2.5 g/L of D-glucose.

Cell characterization by flow cytometry {#S0002-S2002}
---------------------------------------

The cells were harvested by treatment with 0.1% trypsin-EDTA, and detached cells were washed with cold PBS (pH 7.3). The cells were labeled with FITC-conjugated antibodies CD206 or CD68 or CD14, and PE-conjugated antibody CD204 (Abcam, USA). For CD68 staining, the cells were fixed and permeabilized with a BD Cytofix ⁄CytopermTM Fixation ⁄ Permeabilization Solution Kit (BD Biosciences, USA). Cells were then incubated with FITC-CD68 mAb. For surface markers (CD14, CD206, and CD204), the cells were incubated with FITC-CD14, FITC-CD206 or PE-CD204 mAb without permeabilization step. The cells were examined using a FACSCanto II cytometer (BD Biosciences, Germany), and the data were analyzed using FlowJo software (FlowJo, USA).

Cell transfection {#S0002-S2003}
-----------------

The lentiviral vector LV-HULC (GenePharma, Shanghai, China) were used for the LIMT overexpression in OC cells. The vector including the negative sequence which does not target any gene as a control. Lentivirus was produced in 293T cells. OV90 and OVCA429 cells at exponential stage (5 × 10^4^ cells/well) were transfected with virus particles in the presence of 5 μg/ml polybrene at MOI (multiplicities of infection) of 100.

Enzyme-linked immunosorbent assay {#S0002-S2004}
---------------------------------

After co-culturing M2-like TAMs with OV90 or OVCA429 cells, the supernatants were collected at different indicated intervals. The EGF concentration was detected by enzyme-linked immunosorbent assays (ELISA). ELISA assay kits for EGF were performed following the supplier's instructions (R&D, USA).

Cell viability assay {#S0002-S2005}
--------------------

The Cell Counting Kit-8 (CCK-8) assay was used to measure the cell viability according to the manufacturer\'s protocols (Beyotime, China). OV90 or OVCA429 cells (1 × 10^4^) were seeded into 96-well plates and cultured with the 100 μl conditioned medium of M2-like TAMs for 48 h. Then, the medium was removed and 100 μl of CCK-8 solution was added to each well followed with 4 h incubation at 37°C, 5% CO~2~ atmosphere. Finally, the absorbance at 450 nm was detected using a 96-well plate reader.

Cell cycle analysis {#S0002-S2006}
-------------------

Cell Cycle was identified using the Propidium Iodide ReadyProbes® Reagent (Thermo Fisher Scientific, USA). OV90 or OVCA429 cells (1 × 10^5^) were seeded in the low chamber of 24-well transwell apparatus with 0.4-um pore size (Corning, USA) and M2-like TAMs were seeded in the upper chamber as the condition of co-culture for 48 h. OV90 or OVCA429 cells in the low chamber were collected and washed with PBS. Then, the cells were fixed with 70% ethanol. After stained by 300 μl propidium iodide (Thermo Scientific, USA) in darkness, the cells were immediately analyzed by FACSCanto II cytometer (BD Biosciences, Germany).

Immunofluorescence staining {#S0002-S2007}
---------------------------

Immunofluorescence staining for Ki67 was performed to assess the cell proliferation according to the manufacturer's instruction. Cells were incubated with primary antibody against Ki67 (Abcam, USA; 1:300). A corresponding secondary antibody with fluorophores Alexa 488 (Abcam, USA; 1:1000) was added for 1 h at room temperature. And then cells were counterstained with 10 mg/ml DAPI.

Wound healing assay {#S0002-S2008}
-------------------

OV90 or OVCA429 cells (5 × 10^4^) were seeded in the low chamber of 24-well transwell apparatus with 0.4-um pore size (Corning, USA) and M2-like TAMs were seeded in the upper chamber as the condition of co-culture for 48 h at 37°C. The confluent OV90 or OVCA429 cells were scratched with a 200 µl pipette tip and then plates were washed with fresh medium to remove non-adherent cells and then photographed for different indicated time. Wound area was determined using an inverted microscope (IX71; Olympus, Japan).

Cell invasion assay {#S0002-S2009}
-------------------

Cell invasion assay was performed using a Transwell system (Corning, USA). The upper chamber of the Transwell was coated with extracellular matrix (BD Biosciences, USA). Cells were trypsinized, and 1 × 10^5^ cells were seeded into the upper chamber with serum-free opti-MEM media. The low chamber was filled with M2-like TAMs. After incubation for 48 h, cells on the lower side of the filter were fixed in 3.8% formaldehyde for 20 min and stained with 0.1% crystal violet solution. The number of cells in five randomly selected fields was counted under a phase-contrast microscope (Olympus, Japan) and analyzed statistically.

RNA extraction and qRT-PCR {#S0002-S2010}
--------------------------

RNA was isolated from OC cells with TRIzol reagent (Invitrogen, USA) and RNeasy Plus Micro Kit (QIAGEN, USA) according to the manufacturer's instructions. Then, reverse transcription was conducted to synthesize the cDNA by utilizing the SuperScript® IV First-Strand Synthesis System (Invitrogen, USA). qRT-PCR was performed in Applied Biosystems 7500 Real-Time PCR System (Applied Biosystems, USA), using 20 ng template in 25 µL reaction volume with 2 x Power SYBR® Green PCR Master Mix (Invitrogen, USA). Amplification conditions were as follows: 95°C for 10 min followed by 45 cycles consisting of 95°C for 15 s, 58°C for 30 s and 68°C for 60 s. The gene expression levels for all samples were normalized to β-actin expression using the comparative Ct method. All data are displayed as the mean ± SD of three independent experiments.

Western blot analysis {#S0002-S2011}
---------------------

Cells were harvested and incubated in the RIPA buffer (Sigma--Aldrich, USA). Protein concentrations were determined using the BCA protein assay kit (Thermo Fisher Scientific, USA). Proteins (30 μg) were separated by 10% SDS-PAGE and transferred onto polyvinylidene difluoride (PDVF) membranes (Millipore, Bedford, MA). After blocking, the membranes were then incubated with primary antibodies against E-cadherin, N-cadherin, Vimentin, and β-actin (1:1000; Abcam, USA). β-actin was loaded as an internal reference. Bands were then treated with Horseradish peroxidase (HRP)-conjugated secondary antibody (1:2000; Abcam, USA). Bands were developed using chemiluminescence substance (Thermo Scientific, USA).

Animal models {#S0002-S2012}
-------------

Female athymic nude mice (8--12 weeks of age; n = 8 for each group) were purchased from the Cancer Institute of the Chinese Academy of Medical Science. OV90 cells (1 x 10^6^ cells/animal) cells were injected into the peritoneal cavity of mice. Seven days after injection, mice were randomly divided into the control, LIMT, and AG1478 groups. The control and LIMT encoding lentivirus, and AG1478 were intraperitoneally injected twice a week in the OC mice model, respectively. Tumor weight and number and location of tumor nodules were recorded until for 5 weeks. All animal experiments were conducted in accordance with the Animal Welfare Act and were approved by the Ethics Committee of the Third Xiangya Hospital of Central South University.

Statistical analysis {#S0002-S2013}
--------------------

Data were analyzed with Prism 5.0 (GraphPad Software, USA). All experiments were performed in triplicates and data were expressed as the means ± standard deviation (SD). One-way analysis of variance (ANOVA) with multiple comparisons using Dunnett's test was applied for multiple comparisons. P \< 0.05 was considered significantly different.

Results {#S0003}
=======

PMA induced the differentiation of THP-1 cells into M2-like TAMs {#S0003-S2001}
----------------------------------------------------------------

THP-1 cells were treated with PMA for differentiating into M2-like TAMs. As shown in [Figure 1A](#F0001), cell adhesion, spread morphology, and blocked proliferation were observed in the PMA treated group, which represents typical features of macrophages. In addition, the cell biomarkers, including CD14 (monocytes), CD206 (macrophages), CD68 (M2 TAMs), and CD204 (M2 TAMs), were detected after PMA treatment. The flow cytometry analysis ([Figure 1B](#F0001)) showed that the level of CD206, CD68, and CD204 were significantly enhanced after the PMA treatment, while that of CD14 was dramatically decreased. All these results indicated that PMA could induce THP-1 cells differentiating into M2-like TAMs.10.1080/15384047.2018.1564567-F0001Figure 1.**PMA induced the differentiation of THP-1 cells into M2-like TAMs.** (a) THP-1 cells morphology after PMA treatment. Scale bar, 50 µm. (b) Expression of cell markers, including CD14 (monocytes), CD68 (macrophages), CD206 (M2 TAMs), and CD204 (M2 TAMs), detected after PMA treatment by flow cytometry analysis.

M2like TAMs secreted EGF and promoted cell proliferation, invasion, and migration of OC cells {#S0003-S2002}
---------------------------------------------------------------------------------------------

In order to investigate the roles of M2-like TAMs in OC metastasis, M2-like TAMs were co-cultured with OV90 or OVCA429 cells for different intervals. Firstly, the ELISA assay showed that EGF concentration in the supernatants was obviously increased in a time-dependent manner ([Figure 2A](#F0002)). Following that, we further explored the biological functions of M2-like TAMs on OC cell lines. The results of CCK-8 showed that after co-culturing with M2-like TAMs, the cell viability of OC cells increased dramatically ([Figure 2B](#F0002)). Furthermore, the flow cytometry analysis and immunofluorescence staining of Ki67 were conducted to determine the cell cycle and cell proliferation, as shown in [Figure 2(C](#F0002), [D](#F0002)), we observed that OC cells presented higher cell proliferation after co-culturing with M2-like TAMs. In addition, the transwell and wound healing assays were subjected to assess the cell invasion and migration. And the results indicated that the capacity of cell invasion and migration was markedly increased within the guidance of M2-like TAMs ([Figure 2(E, F)](#F0002)). Therefore, these findings indicated that M2-like TAMs could secret EGF and they might play a positive role in the promotion of OC development.10.1080/15384047.2018.1564567-F0002Figure 2.**M2-like TAMs secreted EGF and the effects on cell proliferation, migration, and invasion**. In order to investigate the role of M2-like TAMs in OC metastasis, M2-like TAMs were co-cultured with OV90 or OVCA429 cells for different intervals. And we cultured OC cells alone as the control groups. (a) EGF concentration in the supernatants was determined by ELISA assay. \*\*P \< 0.01 vs. Control (6 h). (b) Cell viability of OC cells when co-cultured with M2 TAMs detected by CCK-8 assay. \*P \< 0.05 and \*\*P \< 0.01 vs. Control. (c) Flow cytometry analysis of OC cell cycle after co-cultivation. \*\*P \< 0.01 vs. Control. (d) Inmmunofluorescence staining of Ki67 in OC cells when co-cultured with M2-like TAMs. Scale bar, 400 µm. (e) The invasion of OC cells after co-culturing with M2-like TAMs detected by transwell invasion assay. \*P \< 0.05 and \*\*P \< 0.01 vs. Control. (f) The migration of OC cells after co-culturing with M2-like TAMs detected by wound healing assay.\*P \< 0.05 vs. Control.

EGF secreted by M2-like TAMs promoted cell proliferation, migration, and invasion via activating EGFR-ERK signaling pathway {#S0003-S2003}
---------------------------------------------------------------------------------------------------------------------------

Based on the previous study, we observed that M2-like TAMs could secret EGF in a time-dependent manner in a co-culture system. It has been proved that EGR stimulates signaling pathway through EGF receptor (EGFR). To further certify whether EGF secreted by M2-like TAMs participate in the regulation of OC metastasis and the underlying mechanism, AG1478 (an EGFR inhibitor, 10 μM) was applied for pre-treatment OC cells. As shown in [Figure 3A](#F0003), the flow cytometry of cell cycle showed that AG1478 treatment arrested cell cycle at G1 phase, indicating that the promotion of cell proliferation induced by co-culture system was blocked by AG1478. Meanwhile, the migration and invasion of OC cells were also measured using wound healing and transwell assays. The results also presented that the application of AG1478 obviously decreased the number of migratory and invasive cells, which was opposite with the co-culture group ([Figure 3(B, C)](#F0003)). Furthermore, qRT-PCR and western blot analyses were subjected to measure the expression of the proteins. As for the EMT related proteins, the qRT-PCR ([Figure 3D](#F0003)) and western blot ([Figure 3E](#F0003)) showed that AG1478 treatment up-regulated the expression of E-cadherin but down-regulated the expression of N-cadherin and vimentin both in mRNA and protein levels. Furthermore, the activation of EGFR/ERK signals was also blocked by AG1478 ([Figure 3(D, E)](#F0003)). Taken together, our results suggested that EGF secreted from M2-like TAMs might be involved in cell proliferation, migration, and invasion through regulating EGFR/ERK signaling pathway.10.1080/15384047.2018.1564567-F0003Figure 3.**EGF secreted by M2-like TAMs promoted cell proliferation, migration, and invasion via EGFR/ERK signaling pathway**. OC cells were incubated with 10 uM AG1478 for 24 h and then were co-cultured with M2-like TAMs. (a) Flow cytometry analysis of the OC cell cycle. \*P \< 0.05 vs. Control. \*\*P \< 0.01 vs. Co-culture. (b) The migration of OC cells under different conditions was detected by wound healing assay. \*\*P \< 0.01 vs. Control. \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture. (c) The invasion of OC cells under different conditions was measured by transwell invasion assay. \*\*P \< 0.01 vs. Control. \*P \< 0.05 vs. Co-culture. (d&E) The expression levels of epithelial-mesenchymal transition (EMT) and EGFR-ERK signaling pathway related proteins measured by qRT-PCR (d) and western blot (e). \*P \< 0.05 and \*\*P \< 0.01 vs. Control. \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture.

EGF secreted by M2-like TAMs inhibited LIMT expression in OC cells {#S0003-S2004}
------------------------------------------------------------------

LIMT, a highly conserved lncRNA, has been proved to be a hitherto uncharacterized EGF-downregulated lncRNA. Whereas, the exact expression and mechanisms of LIMT in ovarian cancer remain unclear. To further explore whether there is a correlation between EGF and LIMT, firstly, the endogenous expression of LIMT in OC cells was determined by qRT-PCR. The results showed that LIMT was significantly decreased in OC cells compared with that of control ([Figure 4A](#F0004)). Next, cells were transfected with LIMT encoding lentivirus for following detection ([Figure 4B](#F0004)), presented a marked increase of LIMT expression level. Additionally, we also detected the expression of LIMT in a co-culture system following exposure with AG1478 or LIMT overexpression. Our data showed that co-culture OC cells with M2-like TAMs obviously caused the down-regulation of LIMT, while pre-treatment with AG1478 or LIMT encoding lentivirus, the inhibition of LIMT expression was reversed ([Figure 4(C, D)](#F0004)). All these results indicated that EGF might be a key growth factor secreted by M2-like TAMs to repress LIMT expression via EGFR signal.10.1080/15384047.2018.1564567-F0004Figure 4.**EGF secreted by M2-like TAMs inhibited LIMT expression in OC cells**. (a) The endogenous expression levels of LIMT in OC cell lines and normal cells determined by qRT-PCR. \*P \< 0.05 and \*\*P \< 0.01 vs. IOSE80. (b) The expression levels of LIMT was determined by qRT-PCR in OC cells transfected with LIMT encoding lentivirus. \*\*P \< 0.01 vs. Vector. (C&D) The expression levels of LIMT in AG1478 pre-treated (c) or LIMT encoding lentiviru transfected (d) OC cell lines after co-culturing with M2-like TAMs. \*P \< 0.05 and \*\*P \< 0.01 vs. Control. \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture.

M2-like TAMs induced OC cell metastasis via inhibiting LIMT expression {#S0003-S2005}
----------------------------------------------------------------------

Since downregulation of LIMT was observed in OC cells, we tested that overexpression of LIMT would attenuate OC progression in vitro. For this, cells were transfected with LIMT encoding lentivirus before co-culturing with M2-like TAMs. As expected, the positive effects of M2-like TAMs on OC cells proliferation, migration and invasion were significantly inhibited by LIMT overexpression ([Figure 5(A--C)](#F0005)). Consistently, the results of qRT-PCR and western blot analyses of EMT related proteins also showed a similar trend ([Figure 5(D, E)](#F0005)). These data supported a role for LIMT in inhibiting OC progression in vitro.10.1080/15384047.2018.1564567-F0005Figure 5.**The effects of LIMT overexpression on M2-like TAMs induced OC cell metastasis in vitro**. OV90 or OVCA429 cells were pre-treated with LIMT encoding lentivirus before incubating with M2-like TAMs. And we cultured OC cells alone as the control groups. (A) Flow cytometry analysis of OC cell cycle. \*\*P \< 0.01 vs. Control. \*\*P \< 0.01 vs. Co-culture. (B) The migration of OC cells under different conditions detected by wound healing assay.\*P \< 0.05 and \*\*P \< 0.01 vs. Control, \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture. (C) The invasion of OC cells under different conditions was detected by transwell invasion assay. \*P \< 0.05 and \*\*P \< 0.01 vs. Control, \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture. (D&E) The expression levels of epithelial-mesenchymal transition (EMT) related proteins measured by qRT-PCR (D) and western blot (E). \*P \< 0.05 and \*\*P \< 0.01 vs. Control, \*P \< 0.05 and \*\*P \< 0.01 vs. Co-culture.

LIMT plays a critical role in the OC tumorigenesis {#S0003-S2006}
--------------------------------------------------

To determine whether LIMT regulates OC tumorigenesis *in vivo*, nude mice model bearing OC tumor were established and treated with intraperitoneal injection of LIMT encoding lentivirus, control lentivirus, and AG1478. Ascites formation is a common event in OC. The results showed that LIMT markedly decreased the ascites formation in mice bearing OC cancer tumors when compared with the control group ([Figure 6A](#F0006)). A consistent pattern was also observed in the AG1478 group ([Figure 6A](#F0006)). In addition, the results showed that intraperitoneal injection of LIMT into nude mice or AG1478 treatment dramatically decreased the number of tumor nodules and tumor weight ([Figure 6B](#F0006)) in comparison with the control group. The growth of tumors was also significantly suppressed ([Figure 6B](#F0006)). The results confirmed that LIMT was a vital lncRNA of inhibiting OC tumorigenesis modulated by EGFR signaling.10.1080/15384047.2018.1564567-F0006Figure 6.**The role of LIMT in OC tumorigenesis *in vivo***. Nude mice model bearing OC tumor were established and treated with intraperitoneal injection of LIMT encoding lentivirus, control lentivirus, and AG1478. (A) The ascites formation in mice bearing OC cancer tumors after LIMT encoding lentivirus, and AG1478 treatment. \*\*P \< 0.01 vs. Control. (B) The number of tumor nodules, tumor weight and tumor growth among different groups. \*P \< 0.05 and \*\*P \< 0.01 vs. Control.

Discussion {#S0004}
==========

Ovarian cancer is a kind of gynecologic malignant tumor that has a high mortality with a 5-year survival rate being only about 29%.^[1](#CIT0001)^ Most researches on the mechanism of the occurrence and development of ovarian cancer focuses on the genetic alterations of ovarian cancer cells. However, more and more studies have found that tumor microenvironment plays an important role in the progression of ovarian cancer.^[5](#CIT0005)^ Among the various immune cells infiltrated by human ovarian cancer tissues, TAMs have the largest quantity.^[18](#CIT0018)^ Ovarian cancer cells secrete a variety of cytokines that make the mononuclear cells in the blood gather in ovarian cancer tissues and differentiated into macrophages. Also, ovarian cancer can secrete a large number of macrophage colony stimulating factor-1 (CSF-1), thus inducing macrophages to polarize towards M2 macrophages.^[19](#CIT0019)^ Through conducting immunohistochemical staining for CD68 and the specific marker molecules of M2 macrophages CD163 or CD206, it can be known that the larger the number of M2 macrophages,^[20](#CIT0020)^ the worse the prognosis of patients with advanced ovarian cancer. By performing immunohistochemical analysis of both M1 and M2 macrophages in ovarian cancer, Zhang W et al.^[21](#CIT0021)^ found that the patients who had a high proportion of M1/M2 macrophages saw a better prognosis, which suggests that M2 TAMs play an important role in the progression of ovarian cancer. Therefore, in the present study, to obtain the M2-like TAM, THP-1 cells were differentiated *in vitro* into macrophages by PMA treatment. The M2-like TAMs were successfully obtained confirmed by the cell morphology of macrophage and biomarkers including CD14 (monocyte), CD206 (macrophages), CD68 (M2 TAMs), and CD204 (M2 TAMs).

TAMs have been reported to promote the metastasis and invasion of ovarian cancer cells through multiple mechanisms.^[22](#CIT0022)^ *In vitro* experiments showed that the invasiveness of human ovarian cancer cells co-cultured with macrophages was enhanced, and this process was achieved through the activation of JNK and NF-kB signaling pathways.^[23](#CIT0023)^ Macrophages can also promote the invasiveness of ovarian cancer cells by expressing SR-A.^[24](#CIT0024)^ It was found by *in vivo* experiments that the SR-A^−/-^ macrophages had a reduced stimulatory effect on the invasiveness of ovarian cancer cells, thereby slowing the progression of ovarian cancer. Furthermore, Yin *et al*.^[9](#CIT0009)^ also showed that TAMs promote spheroid formation and tumor growth by secreting EGF in an OC mouse model. Activation of EGFR on tumor cells by EGF in turn up-regulated VEGF/VEGFR signaling in surrounding tumor cells in order to promote the tumor cell proliferation and migration. These findings suggest that EGF secreted from TAMs plays a critical role in promoting ovarian cancer metastasis. In order to clarify the role of EGF in the regulation of OC metastasis, M2-like TAMs were co-cultured with OC cells. Similarly, our data also presented an increasing level of EGF in the supernatant of the co-culture system of M2-like TAMs and OC cells. Besides, the capacity of OC cells proliferation, migration, and invasion was significantly promoted. Curiously, however, the cell cycle of OV90 cells showed a different change under the co-culture with M2-like TAMs, of which phase displayed an inconsistent change in DNA chrysalis and replication. These remind us that there might be some other mechanism getting involved in regulating the cell cycle. Interestingly, with the application of AG1478 (an EGFR inhibitor) for further experiments, our results revealed that the EGF secreted by M2 TAM might activate the EGFR-ERK signaling pathway, thus promoting the OC progression. All these studies demonstrated that TAMs could promote the progression of ovarian cancer through multiple pathways.

The invasiveness and metastasis of tumor cells are ascribed to their phenotypic changes, which involve a trans-differentiation process called EMT.^[25](#CIT0025)^ It is a multi-gene, multi-step, multi-stage complex process, referring to the morphological transformation of epithelial cells towards fibroblast or mesenchymal phenotype and the obtainment of migration ability. EMT is characterized by the enhanced abilities of migration, invasiveness, and apoptosis tolerance.^[26](#CIT0026)^ Although EMT is not the only mechanism of metastasis, it is one of the most important mechanisms in the initiation of tumor metastasis. The activation of potential EMT processes enhances the ability of tumor cells to invade and metastasize towards distant organs or tissues.^[27](#CIT0027)^ In this study, the expression of EMT related protein E-cadherin was significantly down-regulated, while N-cadherin and vimentin were up-regulated by co-culturing with M2-like TAMs in both OC cells. This indicates that M2-like TAMs can induce the EMT of OC cells, and further initiate the tumor metastasis.

Long non-coding RNAs (lncRNAs) are emerging as vital regulators in the pathogenesis of multiple cancers, including ovarian cancer. LIMT is a newly identified lncRNA, which was originally denoted as LINC01089 or LOC338799.^[16](#CIT0016)^ Sas-Chen et al.^[23](#CIT0023)^ found that LIMT, a hitherto uncharacterized EGF-downregulated lncRNA, of which depletion enhances breast cancer metastasis. Nevertheless, there has been no report published regarding the exact expression, biological role, and underlying mechanism of LIMT in ovarian cancer. In our previous study, M2-like TAMs could secret EGF in a time-dependent manner. Besides, EGF signaling route was also reporter to serve as a regulator in the OC EMT process.^[28](#CIT0028)^ Moreover, the activation of EGF downstream signaling pathway is based on the EGF receptor (EGFR). Therefore, we further investigated whether LIMT also depends on prior activation of the EGFR signaling pathway in OC. Interestingly, we observed that EGF secreted by M2-like TAMs inhibited LIMT expression via activating EGFR-ERK signal pathway in OC cells. This pattern can be efficiently reversed when applying with EGFR inhibitor, AG1478 or LIMT overexpression, which suggests that the activation of the EGFR-ERK pathway affected the metastasis of ovarian cancer via suppressing LIMT expression. Ascites formation is a common event in OC. As expected, our *in vivo* study found that LIMT overexpression and AG1478 treatment markedly decreased the ascites formation in mice bearing OC cancer tumors when compared with the control group. In addition, the number of tumor nodules and tumor weight were observed to be dramatically decreased in comparison with the control group. These *in vivo* results further confirmed that LIMT plays a vital role in inhibiting OC tumorigenesis modulated by EGFR signaling.

Although no targeted drug for the lncRNA in TAMs with increased specificity has been found, lncRNA has been reported as a target for tumor treatment. Wu et al.^[29](#CIT0029)^ found that ovarian cancer cells had seen decreased migration and invasion capacity after knocking down lncRNA MALAT1. The suppression of lncRNA HOTAIR with small interfering RNAs was found to reduce the metastasis of ovarian cancer.^[30](#CIT0030)^ These studies suggest that discovering the differentially expressed lncRNAs in ovarian cancer could provide more precise targets for cancer treatment against TAMs, and therefore is of profound significance for improving the prognosis of ovarian cancer.
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